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GROUNDING SCHEME FOR POWER
CONVERSION SYSTEM

BACKGROUND

The field of the disclosure relates generally to power
clectronics circuits and, more particularly, to power conver-
s10n systems.

Known power conversion systems, such as variable fre-
quency drive (VEFD), with a power converter can be used for
converting a first current from a power grid 1mnto a second
current which can be supplied to a further grid or an
clectrical motor, or can be supplied from a generator into the
power grid.

Many of the power conversion systems can be designed to
include an 1solation transformer, which often has a very low
clliciency due to size specifications. In transformerless
power conversion systems, the available common mode
impedance characteristic of the 1solation transformer can be
replaced by common mode impedances.

Additionally, there 1s a need to provide ground fault
protection for the transformerless power conversion system
as there 1s no 1solation transformer.

BRIEF DESCRIPTION

In accordance with one or more exemplary embodiments
disclosed herein, a power conversion system includes one or
more power conversion devices coupled to a grid connec-
tion. Each of the power conversion devices includes a power
converter for converting a first multiphase current provided
by the grid connection 1nto a second current; a grid side filter
coupled between the grid connection and an mmput of the
power converter; a load side filter coupled to an output of the
power converter; neutral points of the grid side filter and the
load side filter are connected together to form a first node,
wherein the first node 1s not directly grounded.

DRAWINGS

These and other features, aspects, and advantages of the
present disclosure will become better understood when the
following detailed description 1s read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 1s a schematic block diagram of a power conver-
s1on system 1n accordance with an exemplary embodiment
of the present invention.

FIG. 2 1s a schematic block diagram of the power con-
version device 1n accordance with a first embodiment of the
present mvention.

FIG. 3 1s a schematic block diagram of the power con-
version device 1 accordance with a second embodiment of
the present mnvention.

FIG. 4 1s a schematic block diagram of the power con-
version device 1 accordance with a third embodiment of the
present invention.

FIG. 5 1s a schematic block diagram of the power con-
version device 1n accordance with a fourth embodiment of
the present ivention.

FIG. 6 1s a schematic block diagram of the power con-
version device 1n accordance with a fifth embodiment of the
present mvention.

FIG. 7 1s a schematic block diagram of the power con-
version device 1in accordance with a sixth embodiment of the
present mvention.
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2

FIG. 8 1s a common mode equivalent circuit diagram
referring to single phase of the power conversion system
shown 1n FIG. 1 with two power conversion devices.

DETAILED DESCRIPTION

"

In an eflort to provide a concise description of these
embodiments, not all features of an actual implementation
are described 1n one or more specific embodiments. It should
be appreciated that in the development of any such actual
implementation, as 1n any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints,
which may vary from one implementation to another.

Unless defined otherwise, technical and scientific terms
used herein have the same meaning as 1s commonly under-
stood by one of ordinary skill in the art to which this
disclosure belongs. The terms *“first,” “second,” and the like,
as used herein do not denote any order, quantity, or 1mpor-
tance, but rather are used to distinguish one element from

another. Also, the terms “a” and “an” do not denote a

limitation of quantity, but rather denote the presence of at
least one of the referenced 1tems. The term “or” 1s meant to
be inclusive and mean either any, several, or all of the listed
items. The use of “including,” “comprising,” or “having”
and variations thereof herein are meant to encompass the
items listed thereafter and equivalents thereof as well as
additional 1tems. The terms “connected” and “coupled” are
not restricted to physical or mechanical connections or
couplings, and can include electrical connections or cou-
plings, whether direct or indirect. The terms “circuit,” “cir-
cuitry,” and “controller” may include either a single com-
ponent or a plurality of components, which are either active
and/or passive components and may be optionally connected
or otherwise coupled together to provide the described
function.

FIG. 1 1s a schematic block diagram of a power conver-
sion system 100 1n accordance with an exemplary embodi-
ment of the present invention. The power conversion system
100 includes a plurality n of power conversion devices 102
coupled to a grid connection 122. Each of the power
conversion devices 102 includes a power converter 104 that
may be configured as a variable frequency drnive (VFD), for
example. The power converter 104 1s configured to drive a
load 106, for example an electrical motor, which 1s coupled
to a rotatable device, such as, but, not limited to a fan 108,
a pump 110, a compressor 112, or other load 114.

In the exemplary embodiment, the power conversion
system 100 may be transformerless power conversion sys-
tem, for example. That 1s, an mput of the power converter
104 1s coupled to the grid connection 122 without trans-
former, and an output of the power converter 104 1s coupled
to the load 106 without transformer.

In the exemplary embodiment, the power conversion
system 100 1s supplied with an electrical power from a gnd
116 through a step-down transformer 118 configured to step
down the supply voltage from a transmission voltage level
to a distribution voltage level. A circuit breaker 120 permits
isolating the power conversion system 100 from the gnd
116. Each of the power conversion devices 102 1s supplied
through, for example, the grid connection 122. The circuit
breaker 124 in each of the power conversion devices 102
permits 1solating a respective power conversion device 102
from the grid connection 122 for normal startup and shut-
down of the power conversion devices 102.




US 11,456,660 B2

3

FIG. 2 1s a schematic block diagram of the power con-
version device 402, an example of the power conversion
device 102 1n FIG. 1, in accordance with a first embodiment
of the present invention. The power conversion device 602
includes a grid side filter 101, a load side filter 105, and a
power converter 104.

The power converter 104 may be configured to convert a
first multiphase current in the phases 44 mto a second
current. The second current 1s supplied to the load 106
through the load side filter 105. The first multiphase current
may have three phase currents. Further, phases 44 may
include three phases.

In one exemplary embodiment, the power converter 104
may include a voltage source converter, for example.

In one exemplary embodiment, the power converter 104
may include a multilevel converter, for example.

In the exemplary embodiment, the power converter 104
may be configured as a variable frequency drive (VFD), for
example. The power converter 104 includes a grid side
converter 126, a load side converter 130, and a DC link 128
coupled between the grid side converter 126 and the load
side converter 130. An mnput of the grid side converter 126
1s coupled to the grid connection 122 through the grid side
filter 101. An output of the load side converter 130 1is
coupled to the load 106 through the load side filter 105.

In the embodiment of FIG. 2, neutral points or common
points, as described below, of the grid side filter 101 and the
load side filter 105 are connected together to form a first
node 32. The first node 32 1s not directly grounded.

The gnid side filter 101, for each phase 44 of an mnput of
the power converter 104, includes a first inductor L1, a
second inductor L2, a first resistor R1, a first capacitor C1.
One end of the first inductor L1 1s coupled to the respective
phase 44 of the mput of the power converter 104, the other
end of the first inductor L1 1s coupled to a respective phase
of the grid connection 122 through the second inductor L2.
Further, the first resistor R1 and the first capacitor C1 are
connected 1n series. One end of a series connection of the
first resistor R1 and the first capacitor C1 1s connected
between the first inductor L1 and the second inductor L2, the
other end of the series connection of the first resistor R1 and
the first capacitor C1 1s connected to the first node 32. A
connection point of the other end of the series connection of

the first resistor R1 and the first capacitor C1 and the first
node 32 1s a neutral point or a common point of the grid side
filter 101.

The grid side filter 101 1s configured to substantially
reduce distortions within the AC signal mput of the power
converter 104. In one exemplary embodiment, the grid side
filter 101 may include a sine filter for example. The sine
filter may substantially reduce current and voltage harmon-
ics, and limit overvoltages.

The load side filter 105, for each phase 45 of an output of
the power converter 104, includes a third inductor Ldv, a
second resistor R2, a second capacitor C2. The third inductor
Ldv 1s coupled between the respective phase 45 of the output
of the power converter 104 and a respective phase of the
input of the load 106. Further, the second resistor R2 and the
second capacitor C2 are connected 1n series. One end of a
series connection of the second resistor R2 and the second
capacitor C2 1s coupled between the third inductor Ldv and
the respective phase of the mput of the load 106, the other
end of the series connection of the second resistor R2 and the
second capacitor C2 i1s coupled to the first node 32. A
connection point of the other end of the series connection of
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the second resistor R2 and the second capacitor C2 and the
first node 32 1s a neutral point or a common point of the load
side filter 105.

The load side filter 105 1s configured to substantially
reduce distortions within the AC signal output from the
power converter 104. In one exemplary embodiment, the
load side filter 105 may 1nclude a dv/dt filter for example, the
dv/dt filter may substantially reduce the rate of voltage
change over time (dV/dt), and limit overvoltages.

The power conversion device 102 further includes a
common mode filter 103. In the exemplary embodiment, the
common mode filter 103 1s coupled between the grid side
filter 101 and the power converter 104. In other exemplary
embodiments, the common mode filter 103 1s coupled
between the power converter 104 and the load side filter 105.
In the exemplary embodiment, the common mode filter 103
may include a common mode choke for example.

The power conversion device 102 further includes an
impedance Zn coupled between the first node 32 and the
ground. In the exemplary embodiment, the impedance Zn
may include an inductance, a capacitance, a resistance, or a
combination of multiple such elements coupled 1n series or
in parallel, for example. In other embodiments, the first node
32 1s directly grounded, that 1s the first node 32 is not
connected to the ground via an impedance.

In the exemplary embodiment, the impedance Zn may be
high impedance, for example.

In the exemplary embodiment, the load 106 may include
an electrical motor for receiving the second current, for
example. In other exemplary embodiments, the load 106
may 1nclude a transformer for transforming the second
current, for example.

FIG. 3 1s a schematic block diagram of the power con-
version device 502, an example of the power conversion
device 102 in FIG. 1, 1n accordance with a second embodi-
ment of the present mnvention. The difference between the
power conversion device 502 of FIG. 3 and the power
conversion device 402 of FIG. 2 1s that the power conversion
device 502 can include an electrical generator 68 configured
to generate the second current, as described 1n FIG. 2. For
example, the electrical generator 68 can be connected to a
turbine of water or tidal power station or to a wind turbine.

FIG. 4 1s a schematic block diagram of the power con-
version device 602, an example of the power conversion
device 102 in FIG. 1, 1n accordance with a third embodiment
of the present invention. In the embodiment of FIG. 4, the
impedance Zn includes a first resistance R3, a second
resistance R4, and a capacitance C3; the first resistance R3
and the capacitance C3 are connected in series; the second
resistance R4 and a series connection of the first resistance
R3 and the capacitance C3 are coupled 1n parallel between
(1.e., connected across) the first node 32 and the ground.

FIG. 5 1s a schematic block diagram of the power con-
version device 702, an example of the power conversion
device 102 in FIG. 1, in accordance with a fourth embodi-
ment of the present invention. In the embodiment of FIG. 5,
the impedance Zn includes a first resistance R3, a second
resistance R4, a capacitance C3, and an inductance L3; the
first resistance R3, the capacitance C3, and the inductance
[.3 are connected 1n series, the second resistance R4 and a
series connection of the first resistance R3, the capacitance
C3, and the imnductance L3 are coupled 1n parallel between
the first node 32 and the ground.

FIG. 6 1s a schematic block diagram of the power con-
version device 802 1n accordance with a fifth embodiment of
the present invention. A difference between the power con-
version device 802 of FIG. 6 and the power conversion
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device 402 of FIG. 2 1s that the first node 32 1s not connected
to ground through the impedance Zn. In the embodiment of
FIG. 6, the input of the power converter 104 1s connected to
the grid connection 122 through a transformer 45, the output
of the power converter 104 1s connected to the load 106
without transformer. In other embodiments, the first node 32
1s directly grounded.

FIG. 7 1s a schematic block diagram of the power con-
version device 902 1n accordance with a sixth embodiment
of the present invention. A diflerence between the power
conversion device 902 of FIG. 7 and the power conversion
device 402 of FIG. 2 1s that the first node 32 1s not connected
to ground through the impedance Zn. In the embodiment of
FIG. 7, the input of the power converter 104 1s connected to
the grid connection 122 without transformer, the output of
the power converter 104 1s connected to the load 106
through a transformer 45. In other embodiments, the first
node 32 1s directly grounded.

FIG. 8 1s a common mode equivalent circuit diagram
referring to single phase of the power conversion system 100
shown 1n FIG. 1 with two power conversion devices 102. In

the exemplary embodiment, the power converter 104
includes an AC-DC converter 202, a DC link 204, and a

DC-AC mverter 206. An 1nput of the AC-DC converter 202
1s electrically coupled to the grid connection 122 and an
output of the AC-DC converter 202 1s electrically coupled to
the DC link 204. An input of the DC-AC inverter 206 1s
clectrically coupled to the DC link 204 and an output of the
DC-AC 1nverter 206 1s electrically coupled to a respective
clectrical motor 106.

The characteristic impedances include a grid inductance
228, an impedance of a sine filter 227 including a first line
inductance 230, a second line inductance 232, an 1nput
capacitance 238; a common mode inductance 234; an
impedance of a dv/dt filter including a drive inductance 236,
an output capacitance 240; and a capacitance 242 of a load
cable 244. A connection point of the input capacitance 238
and the output capacitance 240 1s grounded by the imped-
ance Zn. The connection point of the mput capacitance 238
and the output capacitance 240 can be the first node 32 of
FIG. 2.

In the embodiment of FIG. 8, the impedance Zn may be
a high impedance. The impedance Zn 1s configured to limait
the fault current to prevent equipment damage and arc tlash
hazards. Especially for explosion-sensitive environment, the
maximum fault current 1s strictly required to limit the
amount of energy dissipation under fault conditions.

The common mode inductance 234 1s designed to absorb
high frequency common mode (CM) voltages generated by
the converters 202, 206. Its impedance dominates the volt-
age loop which includes the filter capacitances 238, 240.
This voltage loop does not include the high 1mpedance /n.
Theretfore, the CM voltage stress on grid and motor side 1s
generally reduced and meets relevant compliance require-
ments even when the power conversion system 100 1s high
impedance grounded. The common mode mductance 234 1s
an 1impedance of the common mode choke.

The common mode inductance 234 and the high imped-
ance Zn are designed to fulfill all common mode require-
ments and provide ground fault protection.

While the disclosure has been described with reference to
exemplary embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereotf without
departing from the scope of the disclosure. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the disclosure without departing,
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6

from the essential scope thereof. Therefore, it 1s intended
that the disclosure will not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this disclosure, but that the disclosure will
include all embodiments falling within the scope of the
appended claims.

The mvention claimed 1s:

1. A power conversion system, comprising:

one or more power conversion devices electrically

coupled to a grid connection, wherein each of the

power conversion devices comprises:

a power converter for converting a first multiphase
current provided by the grid connection 1nto a second
current;

a grid side filter coupled between the grid connection
and an 1nput of the power converter, and comprising
for each phase, a first inductor, a second inductor,
and a first resistor having one end 1n series connec-
tion with one end of a first capacitor wherein the
other end of the first resistor 1s connected directly to
an output of the first inductor and an mmput of the
second inductor, and the other end of the first capaci-
tor 1s a neutral point of the grid side filter;

a load side filter coupled to an output of the power
converter wherein the load side filter, for each phase
ol the output of the power converter, includes a third
inductor, a second resistor, a second capacitor; the
third inductor 1s coupled between the respective
phase of the output of the power converter and a
respective phase of an mput of the load; the second
resistor having one end 1n series connection with one
end of the second capac1t0r wherein the other end of

the second resistor 1s coupled directly to an output of
the third inductor and the respective phase of the
input of the load, the other end of the second
capacitor 1s a neutral point of the load side filter;
a common mode {filter coupled between the grid side
filter and the mput of the power converter; and
the neutral points of the grid side filter and the load side
filter being connected together to form a first node;
wherein the first node being connected to ground via
an 1mpedance of an amount to limait fault current and
the input of the power converter being connected to
the grid connection without a transtormer and the
output of the power converter being connected to a
load through a transformer.

2. The power conversion system of claim 1, wherein the
impedance comprises an mductance, a capacitance, a resis-
tance, or a combination thereof.

3. The power conversion system of claim 1, wherein the
impedance comprises a {irst resistance, a second resistance,
and a capacitance; the first resistance and the capacitance are
connected 1n series, the second resistance and a series
connection of the first resistance and the capacitance are
coupled 1n parallel between the first node and the ground.

4. The power conversion system of claim 1, wherein the
impedance comprises a first resistance, a second resistance,
a capacitance, and an inductance; the first resistance, the
capacitance, and the inductance are connected 1n series, the
second resistance and a series connection of the first resis-
tance, the capacitance, and the inductance are coupled in
parallel between the first node and the ground.

5. The power conversion system of claim 1, wherein the
power converter comprises a grid side converter coupled to
the grid side filter, a load side converter coupled to the load
side filter, and a DC link coupled between the grid side
converter and the load side converter; and wherein the
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common mode filter 1s coupled between the grid side
converter and the grid side filter.

6. The power conversion system of claim 1, wherein the

power converter comprises a voltage source converter.

7. The power conversion system of claim 1, wherein the

power converter comprises a multilevel converter.

8. The power conversion system of claim 1, further

comprising:

an electrical motor for receiving the second current.

9. The power conversion system of claim 1, further

comprising;

an electrical generator for generating the second current.

10. A power conversion system, comprising;:

a power converter electrically coupled to a grid connec-
tion, wherein the power converter 1s configured to
convert a first multiphase current provided at the grnid
connection into a second current;

a grid side filter coupled between the grid connection and

an mput of the power converter, and comprising for
cach phase, a first inductor, a second inductor, and a
first resistor having one end 1n series connection with
one end of a first capacitor wherein the other end of the
first resistor 1s connected between the first inductor and
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the second inductor, and the other end of the first
capacitor 1s a neutral point of the grid side filter;

a load side filter coupled to an output of the power
converter wherein the load side filter, for each phase of
the output of the power converter includes a third
inductor, a second resistor, a second capacitor; the third
inductor 1s coupled between the respective phase of the
output of the power converter and a respective phase of
an 1mnput of the load; the second resistor having one end
in series connection with one end of the second capaci-
tor wherein the other end of the second resistor 1s
coupled between the third inductor and the respective
phase of the mput of the load, the other end of the
second capacitor 1s a neutral point of the load side filter;

a common mode {ilter coupled between the grnid side filter
and the power converter; and

the neutral points of the grid side filter and the load side
filter being connected together to form a first node;

wherein the first node being connected to ground via an
impedance of an amount to limit fault current and the 1mnput
of the power converter being connected to the grid connec-
tion without a transformer and the output of the power

converter being connected to a load through a transformer.
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